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theathefe animak in it live longc/Land rrrove very briskly : 
whereas on the conrrary the Melt being not full ripe 3 we 
rout with force prefs it out of the Fifh , and. then tis diffi» 
TuJf to fee thefc Animalcules alive. 



tuf Theory of the Variation of the Mag* 
netical COMPASS, by Mr. Ed. 

Halley Fellow of the % S. 



HPHe Variation of the Compafs (by which! mean the- 
Reflection of the Magnetical Needle from the true 
Meridian^ is of that great concernment in the Art of Na- 
vigation : that the negle& thereof , does little lefs than 
render ufelefs one of the nobleft Inventions mankind ever 
yet attained to. And for this caufe all Ships of Confe- 
quence (efpecially thofe bound beyond the Equator; car- 
ry with them Inftruments on purpofe to obfervethis Vari- 
ation .* that fo rhecourfe fteared by the Compafs , may be 
reduced to the true courfe in refpe<ft of the Meridian . 

Now altho the great utility that a perfect knowledge of 
the Theory of the Magnetical direction would afford *a 
mankind in general, and efpecially to thofe concerned in 
.Sea affairs, feem a fufficient incitement to all Philofophical 
5ndMathematicabheads,to take under %jous confideration 
*hefeveral Plmnomma > md 10 endeavour to reconcile jhem 
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by fome general rule : yet (o iris j that ultfoft all the Au- 
tho s , from whomeadifcourfe of this kind ought to have 
been expcdied > pafs by in fiilence the difficulties they here 
encounter. And thole that mention this Variation; by 
affirming it ro proceed from caufes altogether uncertain 
( as are the cafual lying of Iron mines and Loadfton es in 
in the Earth ) put a flop to all further contemplation; and 
give difcouragemeftt to thofe that would otherwife under- 
take this Enquiry. Tis true that not long fince one Mr, 
Bond, an old Teacher of Navigation, put fonhafmall 
Treatife wherein he pretends to calculate the Variation ; 
but he limits his Hypothefis to the City of London , ^firm- 
ing himfelf (as he had a great deal of reafln, ) that the lame 
Calculus is not fufficient for other places; whereby it ap- 
pears that his rule is far fhortofthe fomuch defircd gene- 
ral one. 

Now altho fthrough want of fufficient obfervations and 
fome other difficulties which I (hall anon ihtw) I cannot 
pretend perfectly to eftablifh the numbers and rules of a 
Calculus which fhall precifely anfwer to the Variations of all 
parts of the World ; yet f fuppofe it will not be unaccepta- 
ble to the curious to propofe fbmething of alight into 
thisabftrufe mvftery ; which, if no other, may have this 
good effect, to ftir up the FhilofophicalGm; of the age 
to apply themfelve more attentively to this ufeful fpecu- 
lation. But before I procce-d , 'twill be neceflVy to lay- 
down the grounds u:>on which I raife my Concisions ; and 
at once to give a Sy «opfis of thofe Variations which I have 
reafon to look upon as fure , being moftly the obfervati- 
ons of perfons of good {kill and Integrity, 
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Tho t could with we could obtiin from the Spmia r 
•-hat Variations they find in their Voyages from rhe M a ' 
nilbas towards Acapulco , thro the North part of the South 
Sea >• as Ukewife what it is at Japan , from the Dutch : 
yet,(confidering the number ofthefeobfervations I have 
collected , and that they are made irr parrs of" the World fo 
remote from Europe, and from one another ( 1 fuppofethat 
the Theory that anfwers thtfe will fcarce fail in thofe Re- 
gions from whence we have as yet no account. But firft 
we muft make fome remarks upon the foregoing Table, and 
Firft. 

That in all Europe the variation at this time is Wefi » 
and more in the Eaftern parts thereof than the Weftcrn : 
as likewife that it feems throughout to be upon thein- 
creafe that way- 

Secondly that on the Coaft of America^ about Virgina ^ 
New- England and New-Found land , the Variation is like- 
wife Wefterly ; and that it increafes all the way as you go- 
Northerly along the Coaft fo as to be above 20 degrees at 
New-foundhnd , nearly 30 gr. in Hudfons Jlraits , and not 
lefsthan 57. degrees in Boffins Bay \ alfothatas you fail 
Eaftward from this coaft the Variation diminifhes. From 
thefetwoic is a Legitimate Corollary: that Somwhere be- 
tween Europe , and the North-part of America, there ought to 
be anEajlerly Variation^ or at leajt no Wejterly. andfol 
conjecture it is about the Eaftermoft of the Tercera In- 
lands. 

%. That on the coaft of Brafile there is Eaft Variation 
which increafes very notably as you go to the Southward 
fb as to be 12. degrees at Cape Frio , and over againft the 
rivet: of Plate 20* degrees : and from thence failing fbuth- 
wefterly to the Araks of MageUanit decreafes 17 degrees, 
and at the weft ent ranee bu 1 1 4 degrees, 

4. That at the Eaftward of Brafile properly fo called* 
this Eafterly Variation, decreafes > fo as to be very little 

ac 



( 21$ ) 

at St, Helena and jffcenfion % andtobeqnitegone and the 
Compafs point true about i8 degrees or Longitude Weft 
from the Cape of Good. hope. 

5. That to the Eaftward of the aforefaid places a Weft- 
ward Variation begins , which reigns in the whole Indi- 
««Sea, and arifes to no left than Eighteen degrees under 
the Equator it felf* about the Meridian ot the Nor- 
thern part of Madagofcar 5 and near the fame Meridian but 
in 39. degrees South Lat. it is found full 27 i degrees." 
from thence Eafterly the Weft Variation decreafes* fo as 
to be but little more than Eight degrees at Cape Comorin * 
and than Three degrees upon the Coaft of Java ; and to 
be quite extincl: about the Molucca IJlands , as alfo a little 
to the Weftwards of VanDiemens Land found out by the 
Dutch in 1642. 

6. That to the Eaftivard of the Molucca's and Van-T)i- 
emens Land in South Latitude there arifes another eafterly 
Variation , which feems not fb great as the former nor of 
lb large extent » for that at the Ifland Rotterdam it is fenfib - 
ly lets than upon the Eaft Coaft of New Guineas and , 
at the rate it decreafes , it may well be fuppofed that a- 
bput so degrees farther Eaft* or 225 degrees Eaft Lon- 
gitude from London , in the Latitude of 20 degrees South, 
a Wefterly Variation begins. 

7. That the Variations obierved by the Honourable 
Sr. ]ohn Norborougb at Baldivia and at the Weft entrance of 
the ftraights of Magellan do plainly ihew,that that Eaft Vari- 
ation noted in our third remark is decreafeing apace ; and 
that it cannot reafbnably extend many degrees into the 
South Sea from the Coaft of Peru and Chili , leaving room 
for a fmall Wefterly Variation* in that traclof theun- 

F f known 
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known World that lies in the midway between Chili and 
Mew- %ealand,md between Hounds-JJland and Peru. 

8. That in failing North- weft from St. Helena by Jf- 
cen/ion as far as the Equator the Variation continues ve- 
ry fttiall Eaft , and as* it were confhntly the fame .* fo that 
in this part of the World the Com fe, wherein there is no 
Variation, is evidently no Meridian; but rather North- 
weft 

9. That the entrance of Hudfons firaights and the 
Mouth of the River of Plate being nearly under the fame 
Meridian , at the one place the Needle varies 29 J degrees 
to the tt 'eft 5 at the other 20 i degrees to the EajL This 
plainly demonftrates the impoffibility of reconcileing 
thefe Variations by the Theory of Bond : which is by twq 
Magnetical Voles and an Axisjnclinsd to the Axh of the Earth » 
from whence it would follow, that under the fame Meridian 
the yariationjljould be in all places the fame way. 

Thefe things being, premifed may ferve as a fure foun- 
dation to raife the fuperftru&ure of a Theory upon. But 
ftrfr it would not be amifs to (hew hereby the miftake of 
Gilbert and Des Cartes: The firft whereof fuppofes : that 
the Earth it (elf being in all its parts Magnetic al , and the Water 
not s wherefoever the Land is , thither alfo Jfjould the Needle 
turn, as to the greater quantity of Magnetical matter. But 
this in many imbrices is not true 1 but moft remarkably 
upon the Coaft of Brafile : where the Needle is fo far from 
being attra&ed.by the Land, that it turns the quite con- 
trary way ', leiveing the Meridian to lye N B E, which is 
juft along the Coaft. As to the pofition of Des Cartes, that, 
the Iron and Loadjiones bid in the Bowels of the Earth and the 
Bottom of the Sea maybe the Caufes that the Needle varies ; 
If we confider for how great a part of the Earths furface 

ex 
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ex gv. in the whole Indian Sea, the Needle declines the 
fame way ..and that regularly ; twill follow that the attract- 
ing Substance that occasions it,muft be very far diftant.Now 
by Experience we find the little force that Iron Guns have 
upon the Compafs in fhips (their vertue, tho they be demi- 
cuiverin , or greater Cannon , being not perceptible at 
Four or five yards difrance ) and the Experiments now 
before the Royal Society do plainly fliew , how little a Mag- 
netifm there is in moil crude Iron Ores: what quantity 
thereof rnuft be then fuppofed ro make fo powerfull 
a dtverfion at Two or Three Thoufand miles diftance ? 
Yet I cannot deny that in lome places near the fhore , or 
in fhoal water , the Needle may be irregularly directed from 
the arorefaid caufes, and that not a little , zzGajfendus 
gives a notable inftance of the ifland Elba in the Mediter- 
ranean Sea; but thefe differences from the general Dire- 
ction are always fignsofthenearnefsof thofe Mi'gneticaj 
fubftances, for the production whereof that Ifland Elka 
has been famous from all antiquity. Befides > againft both 
Des Cartes zx\A Gilbert, the change of the Variation,, which 
has been within this Hundred yearlaft paft more than 15 
gr. at London ■ is an entire Demonstration : tho Des- Cartes 
does not ftick to fay, that the tranfportation of Iron from 
place to place , and the growth of new Iron within the 
Earth, where there Was none before, miy be thecaufe 
thereof The fame holds likewife againft the Hypotfcfis of 
Magnetical Fibres > which IQrcher maintains. 

Now to propofe fomething that may anfwer the feveral 
appearances , and introduce nothing ftrange in Philofof 
phy , after a great many clofe thoughts , 1 can come t&ao 
other conclufion than that , the whole Globe Q j the Earth % 
me great Magnet, having Four Magnetical p Q ks* or points of 
attraffion near each pole of the Equator Two-, and that, wthofr 
part* of the World which lye near advent to any one of thofe 

Ff 2 Mag- 
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Magnetical 'poles , the Needle is governed thereby , fjfe nearefi 
pole being always predominant over the more remote. The 
parts of the Earth wherein theft Magnetical Poles lie can*, 
not as yet be exa&ly determined for want offuflicient Data 
to proceed Geometrically: but, as near as Conjecture can 
reach, I reckon that the Pole which is at prefent nearefi: 
to «? lies in or near the Meridian of the Lands end of Eng? 
land and not above 7 degrees from the Pole ArcYick. by 
this Pole the Variations in all Europe, and Tartary, and the 
North Sea are principally governed; tho with regard to 
th n her Northern pole, whole fcituation is in a Meridian 
paffing about the middle of California* and about 15 gr. 
from the North Pole of the World, to this the Needle 
lias chiefly refpeft in all the North America , and in the 
Two Oceans on either fide thereof , from the Azores weft- 
wards to Japan, and farther. The Two Southern Poles are 
rather farther diftant from the South pole of the World. 
The one about fixteen degrees therefrom is in a Meridian 
IbmeTwenty degrees to the Weftward of Magellans firaightti 
or 95 degrees Weft from London: this commands the 
Needle in all the South America, in the PacifickJSea* and 
the greateft part of the EthiopicJ^ Ocean. The Fourth 
and laft Vole feems to have the greateft Power and largeft 
dominions of alLas it is the moft remote from the pole of the 
World, being little lefs than ao degrees diftant therefrom, 
in the Meridian which paffes through Hollandia,Nova and 
the lfland Celebes about 110 degrees Eaft from London i 
this Pole is predominant in the South part of Africa, in 
Arabia and the J{ed Sea, in Perfia , India jvadits Winds, 
and all over the Indian Sea from the Cape of Good-Hopp 
Eaft wards to the middle of the great South Sea that divides 
AjiaStom America. This feems to be the prefent difpofiti- 
on of the Magnetical vertue throughout the whole Globe 
ofc the Earth.' it remains to fliew how this Hypothefis 

make; 
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makes out all the Variations that' have been obfcivedof 
late; and how it anfwers to our feveral remarks drawn 
from the Table. And firft it is plain that four European 
North Pole being in the Meridian of the Lands end q£ Eng- 
land) all places more Eaiterly than that will have it on the 
Weft fide of their Meridian ; and confequently the Nee- 
dle, refpe£Hng it with its Northern point, will have a 
Wefterly variation, which will ftill be greater as you go 
to the Eaft wards, till you come to fome Meridian ofj^ujjia 
where twill be greateft, and from thence decreafe again. 
Thus at Brcjt the Variation is but i i degrees, at London 
4 5 degrees : but zxBant^ckj degrees Weft. To the left- 
ward of the Meridian of the Lands end , the Needle ought 
to have an Eafterly variation : were it not that (by ap- 
proaching the American Northern Pole, which lie* on the 
weft fide of the Meridian , and feems to be of greater force 
than this other) the Needle is drawn thereby leftwards 3 
fo as to counterbalance the direction given by the Euro- 
pean Pole, and to make a fmall weft Variation in the Me- 
ridian of the Lands end it felf. Yet I fuppofe that about the 
Meridian of the lUeTercera.oxxv neareft Pole may fo far pre- 
vail as to give the Needle a little turn to the Eaft ; though 
but for a very fmall fpace : the Counterbalance of thofe 
two poles permitting no confiderable Variation in all the 
Eaftern parts of the Atlantic^ Ocean s nor upon ihtWeft 
Coafts of England and Ireland* France*. Spain % and Barbary. 
But to the JVeJhoards of the Azores the Power of the A- 
merican Pole overcoming that of the European* the Nee- 
dle has chiefly refped thereto, and turns ftill more and 
more towards it as you approach it. Whence it comes to 
pais that on the Coaft of Virginia* New-England, New- 
found land , and in Ha^owj-ftraits the variation is VVefU 
ward, thatfc'decreafesasyougofrom thence towards Eu~ 
rope, and that it islefs in Virginia, and New.England than in 
Nexv-founi Land and Hudfons Jlraights» This Wtflerlf, 

varl- 
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Variation ' again decreafes, as you pafs over the North 
America; and about the Meridian of the middle of Califor- 
nia the Needle again points due North ; and from thence 
wefl> wards to Yeaqi and Japan I make no doubt but the Va- 
riation is Eafterly; and half Sea o'er not iefs than 15 de- 
gresj if there be any truth in this Hypothefis of mine. 
Therefore I propofe this as a tryal , that the whole may 
be fcann'd thereby : and I conceive ir will not b» hard to 
know of the Spaniards how it is, who fo frequently fail 
through that Ocean, in their return from the Manilba 
Ifies. This Eafi Variation extends over ]apan 1 Yed^o i Ea/t- 
Tartary and part ol China; till it meet with theWefterly, 
which is governed by the European Norrh Pole, and which 
I faid was greateft fomewhere in Riiffia. 

Towards the Southern Pole the effect is much the fame* 
only that here the South point of the Needle is attracted. 
Hence it will follow,that the Variation on the Coaft of Bra- 
%ile , at the River of Plate , and fo on to the ftraigbts of 
Magellan fhould be Eafterly(as in our thirdremark/: if we 
fuppofe a Magnetical Pole fcituate about 20 degrees more 
Wefterly thm the firaights of Magellan. And this Eafterly 
Variation doth extend Eaftward over the greateft part of 
the EtbtojnckJie& i till it be counterpoized by the Vertue 
of the other Southern Pole : as icisabouc midway between 
the Cape of Good-Hope , and the « Ifles of Triftan d' 
Acuntia. From thence Eaftwards , the 4 (tan South Pole 
("as I rauft take the liberty to call it) becomi n# prevalent , 
and the South point of the Needle being artra&ed thereby, 
there arifes a Weft variation very great in quantity and ex- 
tent , becaufe of the great diftance of this Magnetical Pole 
of the World. Hence it is, that in all the IndtanSeaas 
far zsHol/andia Nova and farther there is confiantly we® 
Variation; at that under thefcquatorit feiflt arifes to no 
lefs than t8. degrees , where tis moft. Abvuc the Meridi- 
an olTthc Ifland Celebes, being likewife that of this Pole, 
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this Weflerly Variation ceafesi and an Eafterly begins • 
which reaches according to my Hypothefis to the middle 
of the South Sea between ZjlandiaNov a and Chili i leaving 
room for a {\wz\\Wejl -Variation governed by the American 
South Pole-, which I fhewedto be in iht Pacific!^ Sea ^ in 
the Sixth and Seventh remark. 

What I have now faid, does plainly Jfhew thefuffici- 
encie of tins Hypothefis for foiving the Variations that are 
at this time obferved in the temperate and frigid £^ones, 
where the direction of the Needle chiefly depends upon the 
Gounterpoife of the forces of tw6 Magnetical Poles of 
the fame nature ; and 1 fuppofe I have fhewn how it comes 
to pafs, that under the fame Meridian the Variation (hould 
be in one place 29 £■ Weft , and in another 20 \EaJt^ as I 
noted in my ninth remarqu*. 

In the Torrid Z^onc , ;md particularly under the Equi- 
noctial, refpedr. muft be had to all four Poles, and their 
pofitions well confidered , otherwife it will not be eafy to 
determine what the Variations fhall be .- the neareft Pole 
being always the ftrongeft ; yet not fo, a's not to be 
counterballanced fometimes by the united forces of two 
more remote; a notable inftance -whereof is in our 8* re- 
mark , where I took, notice , that in failing from St. He- 
lenaby the ifle ofAJcenJion^ to the Equator, on a NfT.courfe 
the Variation is very little Eafterly and in that whole Tract 
unalterable, for which I give this reafon , that the South 
American Pole (which is considerably the neareft in the 
aforefaid places, ) requiring a great Eafterly variation is 
counterpoized by the contrary attra&ion of the North-A- 
mericmaxid the Afian-soutb Pole ; each whereof fingly ire, 
in thefe parts, weaker than the American- South-pole; and 
upon the NW. courfe, thediftance from this latter is very 
little varied ; and as you recede from the Afian-South-po\e % 
the ballance is ftill preferred by the acceft towards the 
North-dmerican-Voteu I mention not in this cafe the.£#- 



opean North-Pole ; its Meridian being little removed from 
thofe of thefe places ; and of it felf requiring the fame Va- 
riations we here find. After the fame manner we might 
proceed to conclude the Variations in other places under 
and near the Equator : but I purpofely leave it for an ex- 
ercife to the thoughts of the Serious Reader, whoisdefi- 
red to help his imagination, by having before him a Map 
or Globe of the Earth ; and to mark thereon theMagneti* 
cal Poles in the Longitudes and Latitudes 1 aflign them. 

Thus I hope I have not loftmy Pains and 'Study in this 
difficult Subject : believing that I have put it paft doubt , 
That there are in the Earth Four fuch Magnetial Points 
or Poles which occafionthe great variety and feeming irregularity 
which uobfervedinthe variations of the Compafs. But to cal- 
culate exactly what it is, in any place affigned, is what I 
dare not yet pretend to* tho I Could with it were my hap- 
pinefs to be able to oblige the world with fb uftfull a peice 
of knowledge, there are difficulties that occur that render 
the thing as yet not feafible, forfirft there area great ma- 
ny obfervations requifite, which ought to be made at the 
fame time ; not at Sea 5 but afliore s with greater care and 
attention than the generality of Saylors apply. And betides 
it remains undetermined in what proportion the attractive 
power decreafes , as you remove from the Pole of a Mag- 
net h without which it were a vain attempt to go about to 
calculate. There is yet a further difficultie , which is the 
change of the variation, one of the difcoveries of this 
laft Century $ which fliews, that it will require fome 
Hundreds of years to eftablifh acompleat dodtrine of the 
Magtretical Syftem. From the foregoing Table it (hould 
feem, that all the Magnetical Poles had a Motion left- 
ward: but if it be fo, tis evident that it is not a rotation 
about the Axis of the Earth* for then the Variations would 

continue 



continue the 'fame \ in the fame parallel of Latitude ('the 
Longitude only changed) as much as is the motion of the 
Magnetical Pol«»» but theconmry t* found by Experience,* 
for there is no where in the Latitude of 51 [North, be- 
tween England and America, a Variation of J 1 degrees Eaft* 
at this time : as it was once here at London, ir feems there-* 
fore that our European Pole is grown nearer the Pole Arc- 
tic^ than it was heretofore > or elfe that it has loft part of 
its Vertue. But whether thefe Magnetical Poles move al- 
together with one motion,or with feveral s whether equal- 
ly or unequally > whether circular or Libratory : if cir- 
cular, about what center,- if Lfbratory, after what man- 
ner ,- are fecrets as yet utterly unknown to Mankind ; and 
are refer ved for the Induftry of future ages. 
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